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Pitches were analyzed f o r  the usual determinations 
including coking value, GI, C-11, and atomic C/H ratio. 
Relative aromaticities of the pitches were a l s o  measured by 
refractive index and sulfonation index of pitch disti-llates, 
C/H ratio of the carbon disulfide soluble phase, and infra- 
red index, "he relative aromaticities agreed quite well among 
themselves but did no: correlate with the usual determinations. 
It was shown that the density and reactivity of carbon anodes 
varied with the aromaticity of the binder pitch as measured by 
infrared index. 
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Numerous t e s t s  have been suggested f o r  character- 
i z ing  the  binder pi tches  t h a t  a r e  used i n  anodes f o r  aluminum 
smelting. The commonly employed qnes include sof tening point, 
ash content,  coking value, and the amount of mater ia l  insoluble 
i n  quinoline,  benzene, o r  acetone. Some of t hese  measure u t i l i t y  
r a the r  than qua l i t y .  Softening point determines the  minimum 
mixing temperature of t he  coke-pitch blend; ash content a f f e c t s  
the pu r i ty  of t he  aluminum. 
measures of aromaticity i n  the o i l  phase. Van Krevelen has 
pointed out t h a t  aromatic compounds form coke more r e a d i l y  than 
non-aromatic compounds. Accordingly, the coking value o f  pitch 
i s  r e a l l y  an ind i r ec t  measure of aromaticity.  Similar ly ,  f o r  
coke-oven pi tches ,  a high C-I content shows t h a t  t he  p i t ch  is  
highly cracked and more l i k e l y  t o  have a high aromatic content. 

Other of these t e s t s  a r e  iRdirect 

Recently, new t e s t s  have been p r  posed t o  charac- 
t e r i z e  binder pi tches .  
f r ac t iona t ion .  
f r ac t ion .  
t e s t  and also5 the use of s e c i f i c  gravi ty  corrected f o r  C-I. 
Charret te  and Bischofberger' found a good co r re l a t ion  between 
compressive s t r eng th  of a carbon anode, and t h e  product of 
coking value and carbon-hydrogen r a t i o  of the p i t c h  binder. 
Kontgomery and Goodspeed7 discussed infrared spectroscopy of 
binder pi tches  'using t h e  KBr technique. 

Brtlckner and Huber P recommended solvent 
Krylov e t  a1' invest igated the  " f r ee  carbon" 

Martin and Nelson6 suggested a modified coking value 

I n  the  work reported here,  binders represent ing 
d i f f e r e n t  types o f  p i t ches  were analyzed by t h e  usual  charac- 
t e r i z a t i o n s  and by tests which measure t h e i r  aromaticity.  
These l a t t e r  tests comprised carbon-hydrogen r a t i o  of  t he  whole 
pi tch,  carbon-hydrogen r a t i o  of t h e  carbon disulfide-soluble 
phase, sulfonat ion index, r e f r a c t i v e  index, and in f r a red  index. 
A s  w i l l  be' shown, aromatici ty  of t he  binder p i t c h  is important 
f o r  carbon anodes used in aluminum smelting. 



In  comparing p i tches  by these tests, the  composition 
of p i tch  should be kept i n  mind. 
b le  phase suspended i n  an o i l  phase. Insoluble mat ter  i s  de- 
r ived  ch ie f ly  from the  soot formed during ther ind cracking of 
t a r s  frqm which p i tches  are produced, and froa ca.rq-over of 
t he  mater ia l  being, carbonized, 
o f  hydrocarbons, somet imea with the prasance of conpounds con- 
t a in ing  oxygen, su l fu r ,  or nitrogen. IJo single chemical com- 
pound predominates i n  the o i l  phase. 

is  usual ly  designated C-I when a good solvent such a8 carbon 
d i su l f ide  or quinoline is used. 
between the mater ia l  insoluble  i n  a poor solvent  such a s  acetone 
o r  benzene and the  C-I, Dickinson' demonstrated tha t  the C-I 
f r a c t i o n  corresponds t o  theL tar- insoluble  matter, and tha t  the  
C-I1 f rac t ion  contains the higher molecular weight substances 
of the o i l  phase. 

Pi tchea cons is t  of an insolu- 

Th3 o i l  phase consists ch ie f ly  

The amount o f  mater ia l  insoluble  i n  c e r t a i n  s o ~ v e n t a  

C-I1 designates  the d i f fe rence  

PROCEDW 

Softening ooint  was determined by t h e  cube-in-air 

Coking value -was determined by method ASTEI, D-271 

hethod, Barrett D-7. 

i n  which a 1-gm sample is heated t o  950°C for  seven minutes 
i n  a platinum crucible .  

a. 
i n  10 m l  o f  quinoline f o r  30 minutes a t  70 t o  80°C. The solu- 
t i o n  was f i l t e r e d  hot ,  washed with t e n  5-ml por t ions  of quino- 
l i n e ,  and twice with benzene. 
and reported a s  C-I. . 

m. One hundred ml of*,ace_tone wereslowly added t o  
a one-half gm sample of binder;%hexLsEii.red -and'+'iltered with 
suct ion through a Royal Ber l in  P o r c e l a i F 3 S 6 i b l e t  type U.2. 
Insoluble matter was washed once with 1 0  d o f  acetone, dr ied ,  
weighed, and reported as C-I  p l u s  C-11. The C - I 1  value was 
the  difference between C-I  and the  acetone insoluble.  

A one-half gm sample o f  t he  binder was digested 

The insolubl'e mat ter  was weighed 

Sulfonation index and Refract ive index - Each binder 
was d i s t i l l e d  i n  a side-neck Church f l a s k  using the  procedure 
of ASTM D-20. The 300-365"C f r ac t ion  vas re ta ined  f o r  deter-  
mination o f  both the  sulfonat ion index and r e f r a c t i v e  index. 
Sulfonation index was determined by ASTM method D-872 a s  the  
tal  of unsulfonated residue per  100 gm of d i s t i l l a t e  using 37N 
s u l f u r i c  acid.  Refract ive ind ices  were determined at 25" f o r  
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so lu t ions  i n  p-xylene containing 25 per  cent d i s t i l l a t e .  

from the  carbon and hydrogen content of t he  p i tch ,  determined 
i n  a combustion t r a i n .  

so luble  Dhase - r i v e  gm of p i t ch  were dissolved i n  20 gm car- 
bon d isu l f ide ,  f i l t e r e d  through a medium sintered-glass  f i l t e r ,  
and washed four t imes with a t o t a l  of 20 gm carbon d i su l f ide .  
Carbon d i s u l f i d e  was evaporated f rom the  combined f i l t r a t e s  i n  
a warm P e t r i  d i sh .  Carbon and hydrogen were determined on 
t h e  ex t rac t .  

Inf ra red  Index - Exactly 0.25 gm of p i tch  was d i s -  
solved i n  10 ml of  carbon d i s u l f i d e  and allowed t o  s t a n t  t w b  
hours; then t h e  in f r a red  spectrum o f  the  supernatant l i q u i d  
was determined, us ing  a c e l l  width of 0.50 mm i n  a Perkin- 
EImer Model 1 1 2  Spectrometer. After cor rec t ing  f o r  t he  ab- 
sorpt ion of  t h e  solvent ,  t he  inf ra red  index was taken a s  the  
r a t i o  0.f t h e  a l i p h a t i c  t ransmit tance a t  3.h  microns divided 
by the  aromatic t ransmit tance a t  3.3 microns. It was rea l ized  
t h a t  absorption might be used instead of transmittance,  but 
s ince  the  index i s  an a r b i t r a r y  r a t i o ,  t he  t ransmit tance was 
used because t h e  ca lcu la t ions  were somewhat simpler. 
phat ic  and aromatic t ransmit tances  a t  other  wave lengths  could 
have been used, bu t  they produce l i t t l e  change i n  the  r e l a t i v e  
indices  of a ser ies  of p i tches ,  

Atomic carbonlhvdronen r a t i o  - C/H was calculated 
,- 

Atomic ca rbodhv  droaen r a t i o  of t he  carbon d i s u l f i d e  

Mi- 

DISCUSSION AID RFSULTS 

The importance of aromatici ty  of binders i n  deter- 
mining t h e  q u a l i t y  o f  carbon anodes is  s h o w  in  Figure 1. With 
increasing aromatici ty ,  t h e  baked apparent dens i ty  o f  t he  anode 
increases .  
creases .  
immersing a 1-in. cy l inder  of carbon, 1/2-in. long, for one-half 
hour i n  sodium s u l f a t e  a t  980°C. 

a r e  tabula ted  f o r  a v a r i e t y  of pi tches .  The p i tches  a r e  arranged 
i n  decreasing order  of inf ra red  index with t h e  most aromatic 
p i tch  a t  t h e  top. 
C/H of t h e  carbon d i s u l f i d e  soluble  phase. It is a particu- 
l a r l y  s e n s i t i v e  measure of p i t ch  aromatici ty  a t  high C/H r a t io s .  

A t  t h e  same time, t h e  r e a c t i v i t y  of the  anodes de- 
The r e a c t i v i t y  was taken a s  t h e  l o s s  i n  weight dn 

In  Table I, r e s u l t s  of t h e  a n a l y t i c a l  determinations 

The inf ra red  index increases  regular ly  with 

The deceptiveness o f  C/H of t h e  whole pitch,  a s  a 
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FIGURE I - EFFECT OF BINDER AROMATICITY 
ON PROPERTIES OF ANODES 

\ 



I :.. 

d s  ' 4 .  
0 0  

0 
0 
0 ,  
ln 

rl 

0 
0 
4 
cr\ 

I 
0 
0 m 

Ln 

a, 
.f 

E9 
0 
(r\ 

a a a 
E! 
W 
k 
W 
3 

4 
rl 
d 

F co I 
I 

cc 
.;t 
rl 

(r 
0 
I+ 

0 
rl 
rl 

eo 
0 
rl 

d 
4 

\D 
rl 
rl 

Ln 
r( 
rl 

+ 
k 
0 
Y 

E 
n 
r. 
v 4 

v1 a 
M 
I 
k a 
-v a 
3 

a 
tn a 
bD 
1 

rl 
.d 
0 

a, a 
tn 
al 
OD 
I 

rl 
-A 
0 

c 
0 
I aJ 

V 
3 

N 
k 

'r4 

63 



measure of aromaticity,  i s  i l l u s t r a t e d  by the horizontal  r e t o r t  
pi tch where C/H of the whole p i t ch  did not correspond with infra-  
red index o r  the C/H of t h e  carbon d i s u l f i d e  soluble  phase. This 
i s  explained by the f a c t  t h a t  the l a rge  amount of C-I having a high 
carbon content i n  t h i s  pi tch tended t o  counteract t he  high hydrogen 
content of the o i l  phase. 

The r e f r a c t i v e  index of the d i s t i l l a t e  f r a c t i o n  i n  
p-xylene gave values t h a t  were somewhat i nd ica t ive  o f - t h e  rela-  
t i v e  aromaticity o f  t h e  pi tch,  but the r e s u l t s  did not a, i r e e  as  
well  with the  in f r a red  index of t h e  C/H o f  t he  so lub le  phase. 

The sulfonat ion index of t he  d i s t i l l a t e  f r a c t i o n s  
agreed q u i t e  well with C/H ratio. The determination, however, 
i s  d i f f i c u l t  t o  perform, and the t e s t  lacks s e n s i t i v i t 7 .  The 
infrared indices of t h e  300-365OC d i s t i l l a t e  f r a c t i o n s  cor- 
r e l a t ed  qu i t e  well  with the in f r a red  C/H indices  o f  t he  whole 
pi tch.  
determination the  spectrum is only t h a t  of t he  o i l  phase of 
t he  p i t ch .  

value d i d  not c o r r e l a t e  with aromaticity as  measwed by infrz-  
red index ar C/H o f  t h e  soluble phase. The C-I phase of the 
p i t ch  can have many d i f f e r e n t  sources, and i ts  amount does not 
necessar i ly  measure aromaticity of pi tch.  While C-I ,  C-11, and 
coking value make good control  t e s t s  f o r  checking the uniform- 
i t y  of d i f f e r e n t  shipments o f  pi tch,  t h e i r  usefulness i n  evalua- 
t i n g  new pitches i s  q u i t e  l imited.  The coking value, while i t  
is  i n  part  a measure of t he  aromaticity of the p i t ch ,  i s  a l s o  
affected by t h e  insoluble  content of t he  pi tch.  T o r  example, 
the horizontal  r e t o r t  p i t ch  the t  had a r e l a t i v e l y  law infrared 
index had a high coking value. 
value was mainly due t o  the  high C-I  content, which on carboni- 
zat ion goes almost e n t i r e l y  t o  form coke. 

This is understandable because i n  the in f r a red  index 

The t r a d i t i o n a l  t e s t s ,  C-I, C-11,  and t h e  coking 

Apparently t h i s  high coking 

The coking value minus C-I, which has sometimes been 
suggested a s  a character izat ion f a c t o r  f o r  pi tches ,  again shows 
no correlat ion with the  aromaticity of t he  pi tches  a s  determined 
by infrared index o r  C/H of the carbon disulf ide-soluble  phase. 

CONCLUS I ONS 

The q u a l i t y  of carbon anodes i s  r e l a t ed  d i r e c t l y  t o  
the aromaticity of t h e  binder p i t ch .  
such as C-I ,  C-11, and coking value do not c o r r e l a t e  with aro- 
mat i c i t y  . 

The usual tests for:pitches 

The more use fu l  cha rac t e r i za t ions  fo r .  aromatici ty  



include the  C/H of t h e  carbon d i s u l f i d e  soluble  phase, sulfona- 
t i o n  index, and inf ra red  index of t h e  whole p i tch  and the  dis- 
t i l l a t e  f r a c t i o n .  Of these,  t he  one t h a t  is most quickly d e t e r  
mined i s  t h e  in f r a red  index o f  the  whole p i tch .  The determina- 
t i o n  requi res  l e s s  than ha l f  an hour. Such a t e s t  should f i n d  
w i d e  app l i ca t ion  i n  l abora to r i e s  t h a t  a r e  ca l led  upon t o  examine 
numerous types of pi tches .  
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